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HYPOTHETICAL  CASE  STUDIES  OF 
OPERATIONAL  CHANGES  TO  REDUCE 
NOISE  LEVELS 


I INTRODUCTION 


I . Noise  can  be  quieted  at  the  source  through  either 
a design  luodification  which  reduces  the  actual  level  of 
emitted  noise,  or  through  an  operational  change,  which 
leduces  the  level  ol  noise  perceived  by  the  receiver. 

Noise  can  be  icduaul  by  modilying  the  path  over 
which  It  travels  liom  the  souice  to  the  receiver. 


Background 

Noi«  is  now  recognized  as  a major  pollutant  which 
intrudes  on  man  and  his  environment.  Since  the  noimal 
ofrerations  of  Army  facilities  create  noise,  the  facility 
has  also  become  aware  of  this  problem.  An  Amiy  facil- 
^ ity  attracts  people  who  build  homes  near  the  base,  but 
later  complain  about  the  noise  and  may  file  legal 
damage  suits.  Consequently,  some  bases  have  had  to  re- 
duce their  training  programs. 

To  alleviate  this  problem,  the  U.  S,  Army  Construc- 
tion Engineering  Research  Laboratory  (CTRL)  is  de- 
veloping a methodology  to  predict,  assess,  and  - perhaps 
most  importantly- to  reduce  noise  impact  caused  by 
the  nonnal  operations  of  Army  facilities.  These  noise 
reduction  techniques  can  be  classified  into  three  basic 
categories  (see  Figure  I ). 


NOISE -REDUCTION  TECHNIQUES 
SOURCE  - PATH  - RECEIVER 


Figure  I . Source  path  receiver. 


.1.  Noise  impact  can  be  mitigated  by  protecting  the 
receiver. 

CFRl.  is  conducting  research  to  detennine  the  ef- 
fectiveness. feasibility,  and  cost  of  each  of  these  tech- 
niques; and  all  of  these'  factors  must  be  evaluated  and 
weighed  against  each  other  before  the  best  technique(s) 
lot  a given  situation  can  be  determined.  For  example, 
the  most  effective  technique  in  terms  of  actual  decibel 
reduction  should  not  necessarily  be  applied  if  it  is  also 
the  most  expensive.  Similarly,  if  the  most  cost-  and 
decibel-effective  technique  interferes  with  the  base 
mission,  it  may  be  rejected. 

Prediction  methodology  produces  equal  noise  con- 
tours, which,  when  superimposed  on  land-use  maps, 
identify  areas  of  noise  impact.  Impact  can  then  be 
quantified  in  tenns  of  area  or  people  exposed  to  a par- 
ticular noise  level.  By  applying  various  mitigation  tech- 
niques to  this  prediction  methodology  and  comparing 
the  resulting  impact  with  the  initial  impact,  a tech- 
nique's efiectiveness  can  be  readily  evaluated.  Llnfor- 
tunately,  work  in  the  more  abstract  areas  of  cost  and 
feasibility  is  not  as  advanced. 

Operational  changes  appear  to  be  the  most  cost- 
effective  and  easily  implemented  noise  mitigation  tech- 
niques at  present.  While  .Anny  facilities  contain  many 
noise  sources  (blast,  helicopter,  tralTic,  fi.xed-wing  air- 
craft. construction,  power  plants,  etc.),  blast  noise  is 
the  most  significant  noise  source.  The  area  impacted  by 
these  operations  can  often  e.xceed  hundreds  of  square 
miles.  Consequently,  this  is  the  easiest  source  on  which 
to  demonstrate  the  value  of  operational  techniques. 

Purposa 

The  purpose  of  this  report  is  to  illustrate  the  appli- 
cation and  effectiveness  of  operational  changes  in  re- 
ducing noise  impact.  The  application  of  these  changes 
will  be  shown  via  a series  of  hypothetical  case  studies. 

Approach 

Equal  noise  contours  were  plotted,  using  CERL  com- 
putet techniques  for  blast  opeiations  at  a hypothetical 
Army  facility.  Impact  was  quantilled  in  terms  of  area 
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within  tlw  various  C'  weiglited  day-night  lewl 
contours.  Then  three  operational  techniques  were  air- 
plied  to  the  activity:  (1)  rescheduling,  (2)  relocating, 
and  (3)  conducting  operations  under  more  optimal 
rseather  conditions  The  elYectiveness  ol  each  technique 
was  evaluated  in  terms  of  reduction  in  sire  of  the  im- 
pacted area. 

Outline  of  Report 

To  demonstrate  and  evaluate  the  various  ofierational 
technqiues  for  leducing  noise,  this  report  has  been  or- 
ganised as  follows.  Chapter  2 discusses  the  basic  con- 
cepts ot  operational  changes,  in  Chapter  3,  these  opera- 
tional techniques  arc  used  in  a first  case  study  to  reduce 
the  overall  land  area  exposed  to  high  noise  levels. 
Chapter  4 shows  the  application  of  these  techniques  in 
a second  case  study  in  which  impact  was  reduced  in  a 
specific  noise-sensitive  area.  Chapter  5 ties  together 
these  cone'epts  in  a case  study  of  a theoretical  Army 
facility,  and  Chapter  t>  provides  the  conclusions  of  the 
research. 

Mode  of  T achnoloQY  T ransftr 

Tliis  report  will  be  distributed  to  the  facilities  by 
means  of  TACi  (Task  of  the  .-Vdjutant  General)  letter. 
It  is  the  first  in  a series  of  bulletins  designed  to  assist 
Army  facilities  in  reducing  noise  impacts. 


2 SUMMARY  OF  OPERATIONAL 
CHANGES 


Operational  changes  are  thvise  changes  made  to  a 
noise  source  which  reduce  the  level  of  noise  (lerceived 
by  a receiver,  but  not  the  actual  level  emitted  by  a 
source.  In  the  case  of  armor,  artillery,  or  demolition 
operations,  oirerational  changes  consist  of  the  following 
techniques 

1 , KckKating  the  source 

2,  Rescheduling  operations 

3,  Oiwirating  during  optimal  weather  conditions. 

The  b in.  (204  mm)  gun  and  the  .^-Ib  (2.3-kg)  charge 
of  TNT  will  produce  the  same  noise  level  with  or  with- 
out these  changes; however,  the  changes  will  reduce  the 
level  of  noise  perceived  by  a receiver. 


Relocating  the  Source 

KebKating  is  the  selection  of  a better  kvation  for  a 
noise  source  in  relation  to  noise -sensitive  areas.  Besides 
the  obvious  solution  of  IcKating  a souae  as  far  as  pos- 
sible from  a receiver,  theie  are  several  other  approaches: 

1 Oispersing  the  activity  will  increase  the  amount 
of  area  affected,  but  will  decrease  the  seventy  of  the 
effects. 

2.  t'oncentratiiig  the  activity  into  a compact  area 
will  decrease  the  amount  of  land  affected,  but  will  in- 
ciease  the  severity  of  the  impact. 

3.  Activities  can  be  kKated  at  night  in  areas  used 
only  during  tlie  day,  such  as  areas  containing  scIuhiIs, 
churches,  and  office  buildings, 

4.  .Activities  can  be  located  according toseason,e.g., 
during  the  winter  next  to  outdoor  amphitheaters  or 
stadiums. 

Raschaduling  Oparations 

The  equation  for  calculating  from  intermittent 
sources  can  be  used  to  explain  the  concept  of  reschedul- 
ing. 

L,  =•  Sl  l + lOlos,,.  (N,  + ION  ) 44.4  (Fq  1) 

where  L^,  =■  C' -weighted  day-niglit  level 

Nj  = numbei  of  daytime  oiserations 

Nj^  “ number  of  nighttime  operations 

,SM  • .sound  exposure  level. 

B\  leschediiling  to  reduce  the  number  of  operations 
(Nj  or  Nn),  the  level  and  thus  the  subsequent  im- 
pact are  reduced.  This  lediiction  can  be  computed  by 
using  Tq  2 to  de'eimme  the  total  number  of  operations 
for  subsequent  use  m l-igure  2. 

NT-N,+  I0N^  (Fq2) 

where  NT  » the  adjusted  number  of  total  operatums, 

.-Vs  illustiated  in  Figure  2,  a decrease  in  the  number  of 
oiserations  b\  a factor  of  10  (initial  number  final 
number  ■ 10)  lesults  in  a 1 0-decibel  (dB)  decrease  in  the 
Fquivalent  Sound  level  (l^^j)  value.  Similarly,  a de- 
cri'ase  by  a factor  of  2 yields  a 3ilB  reduction.  A re- 
duction factor  less  than  1 implies  an  increase  in  opera- 


I 


F 


tioiw,  4 iie)!4iiv«.'  deciojue  is  also  an  iiK'icasc  The 
iiicasiJie  IS  iisi-il  as  an  altcniaic  means  ol'  eaU'iilaliii^ 
l<'  . ilieieliue  Jevieases  iiu'ieases in  It'  arcrellevted 
III  ilie  I'oiiespmiiiing  dci.'ieas'es/iiK'ieases  in  llie  I 
value 

Beeaiisc  [>ev>ple  aie  iiuue  seiisilive  lu  ni^littiiiie  iioiso 
(as  iiulieated  h\  the  lO-dB  iHMialtv  mi|Hised  on  niitlu- 
(line  opeiatioiis  jt-ijs  I and  J|).  seliediilinj;  t)|'eiatit)iis 
to  rediiee  N„  will  piodiiee  an  oven  lowoi  level. 

The  I'ollowing  is  an  example  ot'  leseliediiling  opeia- 
lions. 

.•\  base  has  UK)  dailv  blast  opeiations  '>0  at  night 
and  It'  during  the  day.  What  is  the  1^  ledtietiou  it 
SI'  nigh*  o|>erations  aie  resehediiled  as  daytime  ofvra- 
lions'’ 

Step  1 . Deterinine  total  number  orojserations  using 

bq: 

t'liginal  numbei  » 10 -r ''('( 10)  “ ‘JIO 
Reduced  numbet  = *'0  10(10)  » 1*H' 

Step  ’.  l)eteniitne  factor  ot" decrease 
factor -‘>10/1‘>0- 4.8 


Step.'  b'lom  liguie  a reduction  of  f>S  dB  is 
found 

Optimizing  Weather  Conditions 

Laige  amplitude  noise  fiom  blast  and  aililleiv  can 
he  hcaid  liom  long  distances  and  is  sigmt'icaiillv  affected 
by  the  vvealhei  Wind  and  ieiii|H'iiiluie  gtudienis  can 
vary  the  spivd  of  sound  in  diffeieni  diieclions  ami  at 
different  altitudes  As  a result,  the  atmosphere  can 
sometimes  act  as  a lens.iediiecling  waves  iiavelingawav 
fiom  the  ground  and  fov'using  them  at  distant  points 
(I'igiiie  .').  This  focus  cieales  noise  levels  that  can  be 
.'0  dB  higher  than  those  undei  moie  favorable  wealhei 
conditions  (1  iguie  4) 

I'onsequentlv , noise  impact  can  be  i educed  bv 
scheduling  v'l'eialions  in  acci'idance  with  specific 
weathei  Ci'iiditions.  i.e..  having  limited  firing  during 
focusing  conditions  and  unlimited  filing  diiniig  condi- 
tions which  cause  large  aitenuatum,  such  as  when  the 
sound  velocity  decieases  with  altitude,  as  in  a lenqvia 
line  mveision.''  ‘ 

* IV  ti  Sehomei,  /“ic-Jicriii.e  I'o'roftimiri  Kt-si'\msc  to  HIjst 
Norse,  Icehmeal  Re|v>il  I t 7/.•\l>•N'7.<^'lO  rV'l  Kl.  tWemtsei 
l'»7.tl 

■P  t>  Sehomei.  K J rtolT,  aiul  I I ntle,  77ie  .Vuriiries  ol 
louWiruJe  JiiJ  .V;vermm  of  Hhisl  /SajxjxareJ  m ihf  -llmos 
phfrf.  les'hnieal  Repiut  N 1 .'/.MV.yrl.'.UTS  tl't  Rl . Nssvembei 


REDUCTION  FACTOR  (INITIAL  NUNmCN  OF  OF€NATK>NS/ FINAL  NUMOFN) 

Figurr  2.  Fffect  of  reducing  number  of  operatisms. 
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b.  Vertic»l  velivity  gradient  with  two  segments. 
Figure  3.  Sound  r»y  paths  for  different  weather  conditions. 


General  Approaches 

Using  operational  changes  to  reduce  the  noise  in- 
volves two  general  approaches:  (I ) reducing  the  overall 
area  impacted,  or  (2)  reducing  the  levels  in  some  areas 
and  increasing  them  in  others.  The  first  approach  causes 
the  nr>ise  contours  to  recede  tow  ard  the  noise  soutcelsV. 
the  manner  in  which  any  particular  region  is  affected  is 
not  of  interest.  The  second  approach  reduces  the  levels 
at  a specillc  siteisT  the  area  of  the  overall  contours  is 
not  of  interest,  and  the  noise  may  increase  in  other 
areas.  The  following  chapters  illustrate  these  two  ap- 
proaches. 


CASE  STUDY  » - REDUCING  THE 
GENERAL  AREA  OF  THE  CONTOUR 


The  hypothetical  .\nn>  base  shown  in  Figure  5 will 
demonstrate  the  use  of  operational  changes  to  reduce 
overall  contour  si/e. 

The  squaie-sliaped  base  has  an  area  of  1225  km*, 
with  one  target  point  atitscenter, and 20 symmetrically 
Uwated  firing  points  surrounding  the  target  point.  Be- 
fore quantifying  the  effects  of  an>'  lU'ise  iediictir>n 
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Figure  4.  Effects  of  weather  on  blast  amplitude. 


technique,  baseline  conditions  must  be  established. 
Consequently,  the  following  initial  conditions  were 
placed  in  the  CFRL  computer  program’  and  used  to 
generate  baseline  contours. 

1 . Thirty  rounds  are  fired  every  24  hours  at  each 
firing  point 

2.  I•'iftcen  rounds  are  fired  during  the  daytime  (0700- 
2000  hours)  and  1 5 rounds  are  fired  during  the  night- 
time (2200-0700  hours) 

3.  The  equivalent  of  .S  lb  (2.3  kg)  of  C4  explosive  is 
used  to  propel  each  round 

4.  The  equivalent  of  .S  lb  (2.3  kg)  of  C4  is  contained 
in  each  warhead 

5.  There  arc  average  temperature  inversions* 

’P.  I).  Schomer,  Prnlictinn  Community  Kesponse  to  Blast 
/Vo/jf,  Technical  Repurl  E-l  7/AI)A773690  (CI-Rl.,  December 
1973). 

♦This  assumes  that  Inversions  occur  at  ground  level,  1 to 
,^0()  m,  and  1 to  3000  m at  74.2  percent,  8.6  percent,  and  1 8.6 
percent  of  the  time,  respectively,  at  2400  hours  (ireenwich 
Mean  Time  ((JMT). 


Figure  h shows  the  resulting  contours.  By  applying 
operational  techniques  to  these  initial  conditions,  gen- 
erating new  contours,  and  comparing  them  with  the 
baseline  contours,  the  effectiveness  of  each  technique 
can  be  quantified  in  terms  of  decibel  reduction. 

As  the  first  step,  the  baseline  contours  in  Figure  b 
are  quantified  in  Table  1.  Here  it  is  shown  that  2.80.1 
km’  lies  in  a region  with  an  higher  than  7.S  dB;  an 
area  of  250.4  km’  falls  between  70  and  75,  etc. 
This  table  could  have  been  subdivided  further  to  indi- 
cate land  on-post  versus  land  off-post. 


Table  I 

Impact  From  Initial  Conditions  (Case  I) 

(Noise  Level  in  dB  L,.,  ) 

*-dn 


Area  in  km’  .88. 1 6.S8.4  250.4  259.1  1225 

•Table  only  considers  1225  km’  in  Figure  6.  No  attempt  Is 
made  to  extrapolate  contours  off  figure. 


Fifuiv  5.  Base  with  one  target  point  and  20  symmetrically  distributed  tiring  points. 


To  demonstrate  the  use  of  operational  changes  in  re- 
ducing the  general  area  of  the  baseline  contours,  the 
following  variations  were  applied  to  the  initial  condi- 
tions: 

1 . Halving  the  number  of  daily  operations  (Figure  7) 

2.  Eliminating  nighttime  operations  (Figure  8) 

.1.  Using  optimum  weather  conditions  (Figure  4) 

4.  Relocating  tiring  points  (Figure  10). 

The  contours  for  those  variations  have  been  overlaid  on 
Figure  6 for  purposes  of  comparison.  Table  2 summa- 


rizes the  results  by  comparing  the  area  of  land  encom- 
passed by  the  different  contours.  As  a further 
comparison,  Table  3 was  compiled  to  list  the  cumulative 
area.  For  example,  under  baseline  conditions  in  Figure 
6,  sew  .5  km*  of  land  experienced  levels  of  70  or 
more.  Similarly,  1 167.*)  km*  of  land  experienced  levels 
of  65  or  more,  etc.  The  first  change  (halving  both 
daytime  and  niglittimc  operations)  is  shown  in  Figure  7. 
From  Figure  2,  if  the  number  of  operations  is  halved, 
the  value  decreases  by  3 dB.  From  a land  area 
standpoint,  the  reduction  is  quite  significant.  The  land 
experiencing  noise  levels  in  excess  of  L<’.  75  is  de- 
creased from  25d.l  to  174.1  km* , while  land  experi- 
encing noise  levels  in  excess  of  65  is  decreased 
almost  30  percent,  from  1 167.9  to  727.8  km* . The  de- 


16 


Table! 

Effects  of  Opeiational  Changes  (Case  I) 


Area  (km*) 

60-65 

65-70 

70-75 

>75 

Total  Area 

6 

658.4* 

250.4 

259.1 

1225 

7 

394.1 

159 .6 

174.1 

1225 

8 

U9.8 

467.9 

159.1 

- 

1225 

9 

637.6* 

174.3 

200.0 

1225 

10 

700.9* 

239.6 

222.6 

1225 

*No  (ttempt  is  mide  to  extrapolate  contours  off  the  flgurea. 


crease  in  contirurs  is  synimetrical,  with  areas  on  all  sides 
of  the  base  being  affected  equally.  Obviously,  the  more 
flrings  that  are  eliminated,  the  greater  the  reduction  in 
contour  size  will  be;  however,  because  of  the  logarith- 
mic nature  of  noise  levels,  there  is  a limit  on  returns. 
Reducing  the  overall  operations  by  40  percent  will  re- 
duce the  levels  by  10  dB,  but  will  also  prevent  any 
facility  from  effectively  completing  its  mission. 

It  is  somewhat  ironic  that  one  of  the  greatest  reduc- 
tions in  contour  areas  can  occur  without  a reduction  in 
operations -when  all  nighttime  flrings  are  rescheduled 
to  daytime  (Figure  8).  This  occun  because  of  the  10-dB 
nighttime  penalty  used  to  compute  the  effective  num- 
ber of  operations  (Eq  2);  i.e.,  each  nighttime  operation 
equals  10  daytime  operations.  As  indicated  in  Tables  3 
and  4,  the  results  may  be  signifleant.  The  75  con- 
tour has  been  eliminated,  while  reduction  in  the  size  of 
the  other  contours  ranges  from  40  to  50  percent.  While 
total  elimination  of  nighttime  operations  may  interfere 
with  mission,  any  reduction  in  the  number  of  such 
events  should  produce  signifleant  results  as  long  as  the 
current  percentage  of  nighttime  operations  initially  ex- 
ceeds approximately  10  percent  of  the  total. 

Use  of  optimum  weather  conditions  means  avoiding 
firing  during  conditions  in  which  sound  waves  can  be 
focused  to  produce  levels  that  are  30  dB  or  more  higher 
than  under  normal  conditions  (Figure  4).  An  optimum 
weather  condition  iKcurs  when  the  winds  are  light  and 
the  temperature  decreases  with  altitude.  While  a base 
cannot  control  its  weather,  it  may  be  able  to  schedule 
IIS  firing  activities  for  better  conditions.  To  illustrate 
this  concept.  Figure  9 depicts  contours  which  result 
from  firings  scheduled  so  that  the  focus  conditions  are 
reduced  by  50  percent.  While  the  results  are  not  as 
dramatic  as  those  obtained  by  reducing  nighttime 
operations,  the  reduction  in  impacted  land  area  is  still 
significant. 


Tables 

Cumulative  Land  Area  Impacted 


flfuirv. 

>60 

Land  Area  (km* ) Impactad 
>65  >70 

>75 

6 

1167.9 

509  J 

259.1 

7 

727.8 

333.7 

174.1 

8 

746.8 

622.0 

159.1 

- 

9 

1011.9 

374.3 

200.0 

10 

1163.1 

462.2 

222.6 

If  operations  can  be  neither  reduced  nor  rescheduled, 
contours  can  still  be  reduced  by  relocating  operations 
from  firing  points  close  to  the  base  perimeter  to  firing 
points  further  inside  the  base.  Figure  10  illustrates  the 
result  of  such  a relocation.  The  number  of  rounds  tired 
daily  has  remained  the  same;  however,  the  operations 
at  firing  points  1,  2,  3,  and  4 have  been  relocated  to 
firing  points  13,  14,  15,  and  16.  While  overall  contour 
size  has  decreased  only  slightly,  there  has  been  a dra- 
matic shift  near  the  vicinity  of  firing  points  1,2,3,  and 
4.  While  this  method  has  only  marginal  effect  in  reduc- 
ing area,  it  will  have  greater  value  in  reducing  levels  at  a 
specific  site  (see  Chapter  4). 

The  purpose  of  this  chapter  has  been  to  demonstrate 
how  operational  changes  can  reduce  the  size  or  alter 
the  shape  of  contours.  If  there  is  a large  percentage  of 
nighttime  operations  initially  (as  with  these  examples), 
then  eliminating  ni^ttime  operations  is  the  most  ef- 
fective approach,  given  this  particular  baseline  of  opera- 
tions; the  next  most  effective  approach  is  use  of  opti- 
mal weather  conditions.  However,  with  another  base- 
line of  operations  (ie.,  different  number  of  events,  dif- 
ferent schedule,  different  liKations),  the  results  could 
be  different.  Each  facility  and  set  of  operations  must 
be  judged  individually.  In  addition,  when  other  con- 
straints are  added,  such  as  mission,  feasibility,  and  cost, 
other  approaches  may  be  mure  effective. 


4 CASE  STUDY  II  - REDUCING  LEVELS 
AT  A PARTICULAR  SITE 


To  demonstrate  the  use  of  operational  changes  in  re- 
ducing the  noise  levels  at  a particular  site,  a lOO-km’ 
noise-sensitive  area  was  established  at  the  northwest 
comer  of  the  hypothetical  base  (Figure  1 1).  The  pro- 
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Figure  II.  Location  of  noise  .sensitive  area. 

cedure  for  evaluating  the  different  techniques  is  the 
same  as  that  discussed  in  Chapter  3.  First,  a baseline 
situation  was  set  up  by  generating  contours  for  an  orig- 
inal set  of  operating  conditions;  then  changes  to  these 
conditions  were  used  to  generate  contours  which  were 
used  in  turn  to  quantify  the  effectiveness  of  the  tech- 
nique. The  following  initial  conditions  were  applied  to 
the  CERL  computer  program*  to  generate  baseline 
contours: 

1 . Thirty  rounds  are  fired  during  each  24-hour  day 
at  each  firing  point 

2.  All  rounds  are  fired  during  the  nighttime  (2200- 
0700  hours) 

3.  The  equivalent  of  5 Ib  (2  J kg)  of  C4  is  used  to 
propel  each  round 

4.  The  equivalent  of  5 lb  (2.3  kg)  of  C4  is  detonated 
in  each  warhead 

5.  Standard  temperature  inversion  factors  are  used 
(74.2.8.6,  18.7). 

The  resulting  contours  shown  in  Figure  12  reveal 
that  approximately  one-third  of  the  noise-sensitive  area 


lies  within  the  75  dB  contour,  while  more  than 
90  percent  lies  within  the  70  contour.  For  this 
particular  case  study , the  objective  is  to  reduce  the  noise 
levels  in  this  noise -sensitive  region;  there  will  be  little 
concern  for  the  shapes  of  contours  and  other  land  areas 
impacted  as  a result  of  any  action  taken  to  achieve  this 
goal. 

The  operational  changes  to  be  considered  are  varia- 
tions in  rescheduling  and  relocating.  At  present,  use  of 
optimal  weather  conditions  is  applicable  only  for  re- 
ducing the  general  size  of  contours.  In  any  event,  by 
applying  various  degrees  of  operational  changes  to 
specific  firing  points,  both  the  size  and  shape  of  the 
contours  in  Figure  1 2 can  be  altered  to  reduce  the  im- 
pact on  a particular  noise-sensitive  area. 

Tables  4 and  S summarize  each  of  the  actions  taken 
and  indicate  the  corresponding  effects  on  the  noise- 
sensitive  area.  Table  5 also  shows  the  effects  on  the 
general  contour  area.  Note  that  under  the  initial  condi- 
tions, 100,  95,  and  31  km*  of  the  noise-sensitive  area 
are  exposed  to  levels  of  65 , 70 , and  75 , respective  - 

ly.  The  purpose  of  the  following  set  of  actions  is  to  re- 
duce the  land  area  in  each  of  these  noise  zones. 
The  results  are  illustrated  in  Figures  13  through  21. 
Again,  for  comparison,  the  figures  have  been  overlaid 
with  the  initial  conditions. 

Figure  13  shows  the  contours  that  result  from  elimi- 
nating operations  at  firing  points  adjacent  to  the  noise- 
sensitive  area-points  1,5,6,  and  9.  The  results  indicate 
that  the  area  exposed  to  Lc^  75  has  been  nearly  elimi- 
nated (down  to  1 km*  from  31  km*),  while  the  area  ex- 
posed to  70  has  been  reduced  from  95  to  82  km*. 
Although  not  of  primary  importance,  the  general  size 
of  the  contours  has  also  been  reduced.  While  these  re- 
sults are  significant,  it  should  be  noted  that  approxi- 
mately 20  percent  of  the  firing  points  (4  out  of  20) 
had  to  be  eliminated  to  achieve  this  reduction  in  im- 
pacted area.  If  such  a cutback  interferes  with  mission, 
similar  results  can  be  achieved  by  using  the  alternative 
action  of  relocating  these  operations  to  firing  points  4, 
7,  8,  and  12  (Figure  14).  Again,  the  area  exposed  to 
^dn  **  almost  eliminated  (down  to  2 km’  from  31 
kmJ).  However,  there  is  a trade-off;  while  the  area  ex- 
posed to  70  dB  remains  the  same  (down  to  93  km* 
from  95  km*),  the  total  number  of  operations  has  not 
been  cut. 


*P.  D.  Schemer,  Predicting  Community  Response  to  Blast 

VoTre,  Technical  Report  E-!  7/ADA773690  (CERL,  December 
1973). 


Figures  15,  16,  and  17  show  the  results  of  resched- 
uling operations  from  night  to  day.  Because  of  the  10- 
dB  penalty  for  night  operations  (Eq  2)  and  the  results 


19 


Tabir4 

Summary  of  Op«nilianai  Changes  (Case  II) 


Action  Taken  at  Various  t-iring  Points 


FTiminate 

Reicbedule  Night 

Relocate  Operatloat 

Figure 

Opera  tkMu 

ttperadont  to  Day 

From 

To 

t.t 

l.S.K.'* 

14 

l.S.b.'l 

4.7.8.  i: 

t.s 

t 

I.S.b. 'I 

17 

IK 

.All  but  llrina  point  No.  4 
.A,  b 

1.1 

4,  i: 

I'* 

I.<t 

S.  b 

7.  8 

'0 

1 

b. 

’1 

l.t 

1 verythina  else 

I 

t 

f 
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Table  S 

Effect  of  Operational  Changes  (Case  II) 

Land  Area  (km* ) L'xpoaad  to  Various  L^  Noise  Atnea 


>«o 

NS* 

Total 

NS 

12 

tut) 

too 

1.1 

IIX) 

100 

14 

itw 

100 

1.5 

100 

100 

lb 

100 

100 

17 

100 

tllbl 

41 

IK 

Itw 

100 

11 

100 

100 

:n 

8.1 

tbitn 

84 

:i 

87 

ibibt 

i: 

•Nowe-sensiiive  atea 


>70  >75 


Total 

NS 

Total 

NS 

Total 

1.S 

(117) 

11 

(511) 

8’ 

(bSO) 

1 

(298) 

11 

(84b) 

2 

(17.1) 

1b 

(804) 

21 

(135) 

t44bt 

85 

(bl’l 

(221) 

1 

(.104) 

1tl 

(771) 

1 

(111) 

t’17) 

Itll 

.81 

(758) 

(144) 

5 

(111) 
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discussed  in  the  previous  section,  this  action  is  expected 
to  produce  even  more  significant  results. 

In  Figure  15,  all  nighttime  activity  at  firing  point  1 
has  been  rescheduled  todaytime  hours, with  the  activity 
at  the  other  points  remaining  constant.  For  a more 
dramatic  effect.  Figure  lb  shows  the  results  of  resched- 
uling nighttime  operations  at  firing  points  1,  b.and 
0 to  daytime  hours.  Because  of  the  10-dB  niglrttime 
penalty,  this  action  has  almost  the  same  acoustic  effect 
as  eliminating  the  operation.  Comparing  the  cases  in 
Figures  13  and  lb  in  Table  5 shows  almcvst  identical  re- 
ductions. Finally,  in  Figure  17,  all  operations  have  been 
rescheduled  to  daytime  hours,  except  at  firing  point  4, 
which  is  the  farthest  from  the  noise-sensitive  area.  This 
action  eliminates  all  exposure  to  levels  higher  than 
l<  j^  70.  Reducing  nighttime  operations  to  10  percent 
of  the  total  typically  achieves  all  but  2 dB  of  the  po- 
tential benefit. 


Figures  18  through  21  show  difterent  combinations 
of  eliminating,  rescheduling,  and  relocating  operations. 
While  eliminating  or  rescheduling  operations  has  a more 
significant  effect  than  reUrcating  them,  reUvation  be- 
comes important  when  interference  with  the  mission 
prohibits  the  other  two,  Fven  thought  the  contour  area 
remains  relatively  constant,  reUKation  can  shift  the 
contour  away  from  the  noise-sensitive  region.  Since 
various  factors  such  as  mission,  economics,  and  feasibil- 
ity may  preclude  a single  approach,  a contbination  of 
actions  is  often  the  most  effective  procedure. 

In  Figure  18.  operations  at  firing  points  and  b 
have  been  rescheduled  to  daytime  hours,  while  opera- 
tions at  firing  points  1 and  have  been  reUx-ated.  In 
Figure  1**,  operations  at  firing  points  1 and  have  been 
eliminated,  while  operations  at  firing  points  5 and  b 
have  been  reUKated.  In  both  cases,  the  contour  shape 
and  resulting  reduction  in  contour  are  alntost  identical. 
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Fifurr  14.  Effects  of  relocating  operations  from  points  1.5.6,  and  Q to  points  4, 7, 8.  and  I 


24 


In  Figure  20,  operations  at  firing  point  I have  been 
eliminated,  while  operations  at  tiring  points  5,  6,  and 

have  been  rescheduled  to  daytime  hours.  Finally,  in 
Figure  21 , operations  at  tiring  points  1 and  4 have  been 
eliminated , and  all  other  o(ierations  have  been  scheduled 
for  the  daytime. 

Admittedly,  these  last  four  cases  represent  a variety 
of  applications,  but  Table  S can  give  some  idea  of  the 
trade-otl's  of  the  various  o(H'rational  techniques.  If  the 
sole  objective  is  to  reduce  all  impact  in  the  noise-sensitive 
area,  the  methods  in  Figures  17,  20,  and  21  are  appli- 
cable. If  mission  is  to  be  considered,  the  approach  with 
the  minimum  interference  (see  Figure  201,  which  elimi- 
nates o|>eration.s  at  only  one  point  and  reschedules 
others  at  three  points,  sliould  be  used.  If  the  objective 
is  to  reduce  the  area  exposed  to  75,  then  almost 
all  the  cases  would  be  applicable 

The  optimum  method  must  be  determined  via  a 
trade-otT  which  considers  mission,  cost,  and  feasibility. 
What  may  work  for  one  particular  set  of  circumstances 
may  not  work  for  another  ;each  situation  must  be  judged 
individually . 

The  purpose  of  this  chapter  has  been  to  demonstrate 
the  use  of  operational  changes.  In  this  example,  these 
changes  reduced  noise  levels  at  a particular  site.  The  ef- 
fectiveness and  constraints  of  these  methods  will  depend 
on  the  individual  facility  being  evaluated. 


5 CASE  STUDY  III  - BASE  X 

While  the  previous  chapters  gave  some  insight  into 
the  general  use  of  operational  changes  as  a noise-reduc- 
tion technique,  an  actual  study  will  better  illustrate 
their  practical  application.  To  accomplish  this.  Base  X 


has  been  selected  as  the  setting  (Figure  22).  There  are 
three  major  noise-sensitive  areas  the  towns  of  Sunrise 
and  Montezuma,  which  are  ItKated  on  the  east  border, 
and  the  cantonment  area  within  the  base  bitundaries. 
As  a prelude  to  using  actual  tiring  schedules,  predictive 
measures  will  be  used  to  create  the  conditions  and  to 
obtain  the  contours.  Future  studies  will  attempt  to  ap- 
ply operational  changes  to  actual  conditions,  monitor 
the  decibel  reduction,  and  compute  both  the  cost  and 
effect  on  mission  as  well  as  the  dB  reduction. 

Table  t«  summarizes  the  initial  operating  conditions. 
The  locations  of  tiring  points  and  target  points  are 
sltown  in  Figure  22. 

As  sltown  in  Table  (t,  during  each  24  hours,  a total  of 
40  rounds  are  tired  at  target  5 from  both  tiring  pitints  5 
and  S.  At  each  tiring  point,  24  rounds  are  tired  during  the 
day.  and  16  are  fired  at  night.  Tlie  equivalent  of  5-lb 
(2..l-kg)  charges  of  C4  are  used  to  propel  and  detonate 
the  warhead.  Standard  temperature  inversions  are  used 
(ground,  74.2  percent;  I to  .500  m.  08.6  percent;  I to 
5000  m.  18.7  percent).  The  schedules  at  the  other 
points  are  summarized  similarly. 

Noise  contours  for  these  initial  conditivms  are  illus- 
trated in  Figure  2.^  and  summarized  in  Table  7 , All  three 
noise-sensitive  areas  are  exposed  to  levels  of  more  than 
L<  ji,70.  In  addition,  approximately  75  trercent  of  Sun- 
rise and  40  percent  of  Montezuma  are  exposed  to  levels 
of  more  than  L('jj|75.  The  objective,  therefore,  will  be 
to  reduce  the  exposure  in  Monle/uma,  Sunrise,  and  the 
cantonment  area.  This  will  involve  both  of  the  previously 
discussed  concepts  decreasing  the  general  size  of  the 
contours  and  reducing  the  noise  levels  at  a particular 
site.  Tables  8 and  *1  summarize  the  operations!  changes 
attempted  to  achieve  the.se  goals,  and  the  resulting  ef- 
fects. respectively.  Fach  step  is  cumulative. 

The  tlrrt  change  is  an  attempt  to  reduce  the  noise 
levels  at  Sunrise.  Here,  the  niglil  operations  at  firing 


Table  6 

Original  Firing  Conditions  (Base  X) 


FMag  Point* 


Tatgei  Points 


Number  of  S lb  (2..t  kg)  Rounds 
l-'lred  Kai'h  24  Hour* 

Day  10700-2200)  Night  (2200-0700) 
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Table  7 

Nobte  Impact  from  Initial  Conditions  (Base  X) 
Land  Area  Impacted  ('itl 


65-70 

70-75 

>75 

Total  km* 

.Sunrise 

0 

;? 

75 

I..1S 

Mvinlezuina 

60 

40 

0 

4.1  .1 

t'antoniiieni 

0 

86 

14 

11,: 

Table  K 

Summary  of  Operational  Changes  (Base  X) 


Figure 

tlperational  Change 

21 

Initial  conditions 

24 

Night  operation-i  at  I'lring  points  5.  8.  and  10  re- 
liH'atcd  to  tiring  points  7 and  1 8 

25 

Trniperatuie  inversions  reduced  to  80  percent  of 
standard 

26 

Oiserativsns  at  liring  point  46  relocated  to  Orlng 
point  51 

27 

Operations  at  firing  p<Cinl  71  eliminated 

points  5.  8.  and  10  are  reliK'ated  to  points  7 and  18. 
Both  the  total  number  of  rounds  and  the  total  number 
of  nighttime  and  daytime  firings  remain  the  same,  so 
the  effect  on  the  mission  should  be  negligible.  The  only 
problems  encountered  might  be  (I)  a need  to  increase 
the  amount  of  gasoline  in  order  to  move  Ihirse  firing 
points,  and  (2)  scheduling  problems.  Figure  24  shows 
the  resulting  contours.  The  town  of  Sunrise  has  been 
totally  relieved  ofimpact  greaterthan  L^'j|^75,asshown 
in  Table  **.  In  addition,  a small  benefit  has  iKcurred  at 
Montezuma.  This  could  have  been  anticipated,  since 
firing  points  7 and  18  are  located  farther  from  Monte- 
zuma than  firing  points  5.8.  and  10.  No  significant  re- 
duction has  occurred  in  the  cantonment  area. 


The  next  step  was  to  try  to  use  more  optimum 
weather  conditions  as  well  as  rescheduling.  I'nder 
standard  conditions,  the  inversions  at  ground  level,  I to 
500  III.  and  I to  .1000  m are  74.2  percent, 08.6  percent, 
and  18.7  percent,  respectively . Reducing  these  numbers 
by  20  percent  produces  the  contours  shown  in  Figure 
25.  As  expected,  all  the  contours  have  decreased,  and 
the  numbers  in  Table  *1  show  significant  reduction  in 
all  three  noise-sensitive  areas.  Most  of  the  Sunrise  area 
(0.*J  out  of  1 ..1  km’  1 is  below  70.  while  in  Monte- 
zuma. the  area  impacted  by  this  same  contour  has  been 
decreased  from  21..1  to  12.4  km’.  While  this  decrease 
is  significant,  it  sliouhl  be  noted  that  the  effects  on 
both  scheduling  and  mission,  which  were  not  considered, 
could  be  substantial. 

To  reduce  the  impact  on  the  cantonment  area,  the 
operation  at  firing  point  40  w as  relocated  to  firing  point 
5.1.  which  is  somewhat  isolated  in  the  western  part  of 
the  base.  The  resulting  contours  (Figures  26)  show  a re- 
duction in  the  area  impacted  by  l<  jn75  down  to  0.4 
km’  from  1 .7  km’ . As  expected,  there  was  no  signifi- 
cant change  in  Sunrise,  although  Montezuma  benefited 
somewhat. 

Finally,  to  reduce  impact  in  both  Montezuma  and 
the  cantonment  area,  operations  at  firing  point  7.1  were 
eliminated  (Figure  27).  The  results  (see  Table  *1)  sliow 
the  benefits. 

For  this  case  study . operational  changes  successfully 
reduced  both  the  general  noise  impact  and  the  impact 
at  specific  areas.  While  operational  change  is  currently 
a trial  and  error  procedure,  it  is  being  further  developed 
so  that  the  results  can  be  predicted  more  accurately. 
Nevertheless,  proper  use  of  operational  changes  can 
achieve  the  maximum  reduction  of  noise  with  a mini- 
mum effect  on  the  base. 


Tabled 

Effects  of  Operational  Changes  (Base  X) 
(Land  Area  Impacted  |km’ ) ) 


Cantonment 

Sunriw 

Monletuma 

70-75 

>75 

65-70 

70-75 

>75 

65-70 

70-75 

26.7 

45 

..14 

l.Ol 

25  9 

17.4 

26.3 

4,9 

.45 

.90 

22.1 

21  1 

2>».5 

1.7 

.90 

.45 

11.0 

12,4 

.10.8 

0,4 

.90 

.45 

14.1 

9 1 

29.7 

0.7 

1.01 

.14 

.16.1 

7.0 

0.8 


.14 


Figure  25.  Effects  of  firing  during  fewer  inversions. 


.16 


Figure  27.  Effects  of  eliminating  point  73. 
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6 CONCLUSIONS 


The  I'ollowinit  conclusions  me  based  on  this  research; 

I.  Kelocalion,  rescheduling,  and  use  ol'  oplinuiin 
weather  conditions  can  reduce  the  level  of  noise  per- 
ceived by  the  receiver. 


2.  Apply iitg  operational  changes  to  hypothetical 
blast  conditions  and  generating  noise  contours  and 
evaluating  their  areas  enabled  r|uanlitative  evaluations 
of  the  effectiveness  of  each  technirpie. 

•L  Mltlgaiive  luelhods  ate  slle-specllk,  and  the  de- 
cision lo  use  a particular  rrrethrtd  rrtusi  Ih-  based  on  its 
effects  on  mission,  cirst-elYectiveness, decibel  reduclirrn, 
and  benetlts  lo  a specitic  facility. 


